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We, F. Hoffmann-La Roche & Co.* 
Aktiengesellschaft, a Swiss Company, of 124 
— 184 Gren^cherstrasse, Basle!, Switzerland, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and* 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

The present invention! relates to the syn- 
thesis of 6,10 - dimethyl - undecanone-<2) 
[otherwise known as hexahydro - pseudo- 
i on one]; more particularly, the invention] is 
concerned with 3 process for the manufacture 
of said compound froto 6,10 - ditneahyl- 
undeeadien-(5,9>one-(2) [otherwise known, as 
geranyl-acetone] or 6 5 10-dim!emyl^mdiecen}- 
(5>one-(2) [otherwise known as tetrahydro- 
pseudciononz] and with a synthesis of said 
compound i n c o rporating said 1 process. 

Hexahydro - pseudaianoae is- useful for the 
manufacture of isophytol which;, in turn, is 
useful for the manufacture of vitamin E and 
vitamini K. It is a known compound; Hitherto 
it has been prepared from citral and other 
natural products by a process which was 
attended by considerable difficulty arising, out 
of the contamination of the product with sub- 
stances formed as by-products in the process. 
The hexahydro^seud^onone provided by the 
process of this invention, to be described 
hereinafter, is in a purer form than that 
obtained by processes hitherto used. 

According to the process provided by the 



invention hexahydro^sewdbioixme is manu- 
factured by the catalytic hydrogeaaation of 35 
geranyi-acetone or tietrahydrc^se^aionone. 
The hydrogerrariort' is preferably carried out 
in the presence of ai palladium! catalyst. How- 
ever, any hydrogenatkm catalyst winch does 
not lead to the addition of hydrogen at the 40 
carbonyi group can be used. Hie use of an 
inert solvent or the application of heat is not 
necessary. According; m whether geranyl- 
acetone or tetrahydro^w^ionone is used, 
two mods or one mole of hydrogen are or is 45 
taken up during the process. 

The synthesis of hexahydro^sewefcrionone 
mcorporating the aforesaid process and also 
provided by the invention utilizes 6-methyl- 
hejxtsen-(5)-one-(2) or 6-meu%yl-heptanone<2) 50 
as initial materials. It comprises adding the 
elements of acetylene to either of these 
materials by treating same with an alkali- 
metal derivative of acetylene in liquid! ammo- 
nia solution and treating the product with a 55 
nOT^alkaline hydrodysing agent, partially hy- 
drogena ting the triple bond in the resulting 
acetylenic carbinoit so as to convert said bond 
into a double bond, reacting the partial- 
hydrogeaation product with dikefcene, elirnin- 60 
ating the elements of carbon dioxide from the 
reaction product by heating same and cataly- 
tically bydrogenating the geranyi-acetone or 
t^tJ^ydr<>^setcdoiQc[LKyne so obtained'. 

The synthesis may be illustrated thus: — 65 
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A further synthesis embodying the step of 
catalytically hydrogenating geranyl-aoetone or 
tetrahydro-tpseu^oionone: is described and 
claimed in the specification of our copending 
application for Letters Patent No. 4877/56 
(now serial no. 788,302). 

The addition of the elements of acetylene 
to the 6-methyl-hepten-(5)-oiie-(2) or to the 
6-meniyl-heptanone-(2) may be carried out by 
treating either compound in liquid ammonia 
solution with an alkali-metal derivative of 
acetylene and treating the product with a 
dilute aqueous acid, with water or wish non- 
alkaline ammonium salts as such cr aqueous 



solutions thereof. The alkali-metal derivative 
imay be made by passing acetylene into a solu- 
tion of the alkali-metal (e.g. sodium) or alkali- 
metal amide (e.g. sod amide) in- liquid ammo- 
nia. In this way an acerylene-carbinol (that is 
to say, dehydxolinalool or dihydro-dehydro- 
linalool) is obtained in an almost quantitative 
yield. 

The partial hydrogenation of the triple 
bond of the acerylene-carbinol aforesaid is 
carried out by catalytic hydrogenation in the 
presence of a selective palladium- or nickel- 
catalyst. For example, an almost quantitative 
yield is obtained by hydrogenation with a 
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palladium/ cdciumhcarbonate catalyst which 
has been deactivated by means of lead. This 
step leads to the formation of a vinyl-carbdnol 
(that is to say, linalcol or dihydro^linalaol). 
5 The reactioni of the partiai-hycbrogenation 
product with diketene is best carried out by 
the gradual addition of diketene to the said 
vinyl-<arbini3l in die presence of a weakly acid 
agent, e.g. a mixture of pyridine and acetic 

10 acid cr of choline and acetic acid. The re- 
action can be carried out with or without a 
solvent. The resulting acetoacetate compound 
(that is, hnalool acetoaoetate or dihydro- 
linalool acetoacetate) need not be isolated or 

15 purified for die next step. 

The elements of carbon dioxide are elimi- 
nated fromj die aforesaid acetoacetate com- 
pound by application of heat. The elimination 
is accompanied by an internal rearrangement. 

20 A high temperature, preferably between 140° 
— 180° C, is required. The product of this 
step is geraoyl aceoone or tetrabydro-ps^wdo- 
ionone and may be hydrcgenated to give hexa- 
hydxp-pseudoi<monsi in the manner indicated 

25 hereinbefore. 

The hjexahydro-p'sewJoionone produced in 
accordance with the invention is very pure. 
The reagents used in the synthesis are easily 
and economically obtainable and the various 

30 steps give almost quantitative yields. The new 
process provides an advantageous and total 
synthesis of hexahydro^ps«Afoionone which is 
purer than that hitherto obtained from citral 
and other natural products 

35 Hue dihydro-ihnalyl acetoacetate obtained in 
the foregoing process by the action of diketene 
on dihydrdhnalool is a new substance. It is 
claimed per se in/ the specification of Applica- 
tion for Letters Patent No. 29,635/56 (now 

40 serial No. 788,303). Also claimed in said 
specification is the three-step process for the 
manufacture thereof described earlier herein 
[that is, the addition of acetylene to 6-misthyl- 
heptanone-(2) followed by partial hydrogena- 

45 tion and) reaction with diketene]. 

The following examples are illustrative of 
the said process and said synthesis: — 

Example 1. 
a) Dehydro-linalaoL 

50 Sodiumi acetylide was prepared: in at 3-litre 
3-neck flask equipped with; stirrer, dropping 
funnel, gas inlet tuba and dry-fee reflux con- 
denser, by bubbling acetylene into a solution 
of 57.5 g. (2.5 mote) of sodiumi dissolved in 

55 800 mi. of liquid ammonia. Completion of 
this reaction was signified by disappearance of 
the blue colour. 

To the mixture was added, dropwise during 
two hours, a solution of 302.2 g. (2.4 mols) 

60 of 6-methyl-hepten-(5)-one-(2) in 300 ml. of 
toluene. A slow streami of acetylene was con- 
tinued during this time, and for an- additional 
hour. The reaction was allowed to continue 
for eighteen hours, and then the ammonia 



was distilled' off in» a stream of nitrogen. 65 
Finally, the reactioni mixture was poured 
carefully onto ai mixture of 200 g. of sulphuric 

acid andi 800 g. of ice, main tained at 10° 

20° C. by external cooling. The organic layer 
was separated, and washed with saturated 70 
sodiumi bicarbonate solution, and then with 
water until neutral After removal of the 
solvent in vacua, distillation of the resi- 
due afforded 346.5 g. (95 per cent, of 3,7- 
dimsihyl-<K^<6^ [dehydrc- 75 

linaiool]; b.p. 88° — 90° C./14 mux, n 2) 25 = 
1.4608. 

b) LinalooL 

A solution of 465 g. (3.0 mob) of the 3.7- 
ditnethyl-OTtm-(6>yn in 900 mL of 80 

peoroleunu ether (60° C.) was hydrogenated at 
10° C, at atmospheric pressure, in the pres- 
ence of 23 g. of a lead-poisoned 5 per cent. 
paUadium/calciumH^bonace catalyse [Lind- 
lar, Helvetica Chdnmca Acta, 1952, 35, 446]. 85 
Exactly 3 mods of hydrogen were consumed 
in four hours, when the absorption of hydro- 
gen had virtually ceasedl The catalyst was 
removed! by fiteraition and after removal of the 
solvent in vacuo, the product was distilled at 90 
reduced) pressure 3,7 - dimethyl - octadien- 
(I,6)-ol-(3) [linalooi] was collected' at 82° C/ 
10 mm rib 25 = 1.4590; yield, 439 g. (95 per 
cent.). 

c) linalyi acetxmcetaite. 95 
A 3-litre 3-neck flask equipped with stirrer, 

thermometer, dropping funnel and condenser 
projected by calcium chloride tubes, was 
charged with 771 g. (5.0 mols) of the 3,7- 
dimethyl-omdien-(l,6)-ol-(3), 770 ml. of 100 
toluene, 15 mL of pyridine and 15 ml. of 
acetic acid. To this solution were added, drop- 
wise, during three hours, 445.7 g. (5.3 mols) 
of diketene. An exothermic reaction ensued, 
and the reaction temperature was maintained 105 
at 25°— 30° C by external cooling. Stirring 
was continued for am additional four hours, 
when there was no fumher heat evolution. 

The reaction mixture was washed succes- 
sively with water, 1 N hydrochloric acid, HO 
water, saturated sodium bicarbonate, and 
finally with water unti l neutral The organic 
layer was concentrated in vacuo, leaving crude 
3,7-dirnethyl-octadien-(l,6)-yl-(3) acetoacetate 
[linalyi acetoacetate] as a yellow-orange oil, in 115 
quantitative yield; n B 25 = 1.4638. This crude 
product is of sufficient purity for use in the 
next step. 

d) Dihydro^sez^ionone 

A 3-litre 3-neck flask equipped with a *20 
stirrer, thermometer and reflux condenser, the 
top of which was connected through a dry-ice 
trap to a gas meter, was charged with 1192 g. 
(5.0 mols) of the crude 3,7-dimediyl-octadien- 
(l,6)-yl-(3) acetoacetate. The flask was heated 125 
by an oil-bath to 140° — 150° C, whereby 
carbon dioxide was evolved rapidly. After 
two hours, the rate of gas evolution had 
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diminished considerably, so the reaction tarn- 
perature was increased to 155 — 165 U lne 
reaction was terminated after five hours, when 
the production of carbon dioxide was 90 per 

5 cent, of theory. By fractional distillation of 
the reaction mixture from an efficient column, 
.there were collected 754 g. (77.5 per cent.) 
of 6,10 - dimethyl - undecadien<5^>one-(2) 
fdihydro-pseiidoionone or geranyl acetone], 

10 b.p. 82°— 83° C. (0.8 mm); - 1.4658. 
e) Hexahydro-ps^M^aionone . 

A stirring; autoclave was charged with 2,000 
g of the* 6,10 - dimethyl - unxlecadien - (5,9) - 
one-(2) and with 100 g. of 5 per cent. lindlar 

15 lead - palladmm/caltium - carbonate catalyst. 
Hydrogen was introduced under a pressure of 
500 lbs per square inch. Stirring was started, 
while cooling the autoclave, and the tempera- 
ture was allowed to rise to a maximumof ab out 

20 95° C within about thirty minutes. The cool- 
ing was then ended and heat was supplied to 
the autoclave, and the reaction was continued 
for an additional period of approximately 
ninety minutes at about 95°— 100 C. At the 

7S end of this time, die contents of the autoclave 
were removed and filtered. The nitrate con- 
sisted essentially of 6,10 - dimethyl - un- 
decanone-(2) [hexahydro - psez/denononej, a 
clear colourless liquid of somewhat musty 

30 odour, b.p. 63°— 65° C./0.3 mm. ny^ 
1.4325. 

Example 2. 
a) Dihydro-dehydrolinalool. 

To 7 litres of liquid ammonia, there were 

35 added 193 g. of metallic sodium werapenod 
of one hour. Acetylene gas was then bubbled 
into the reaction until the solution Changed 
colour frcm a- dark blue to white. 896 g. of 
6-methyi-heptanone-(2), dissolved in an equal 

40 voluma of diethyl ether, were then dropped 
ir* while stirring in one hour. The acetylene 
addition was continued for aa addiuonal three 
hours. The reaction was stirred all night, then 
the ammonia was distilled off with the aid of 

45 nitrogen gas. The residue was washed with 5 
per Sent, sulphuric acid, then until neutral 
ivirh water. Ob fractionation, the product, 
5T- ithyl - octin-(l)-ol -(3) [d^o- 
dehydro tauooll, distilled at 132° C L (150 
50 rmrl) n» 2S - 1.4380. The yield was 82.2 per 
cent, of theory. 

^S^^the^* - dimethyl^tm-(l)K)K3) 
were n&ced in a 3-litre flask provided with a 

55 mercinr sealed stirrer. To this *ere were 
added 20 g. of lindlar lead-paUadium/ cal- 
cium-carbonate catalyst and 500 ori. of petro- 
leum ether. The hydrogenation was earned 
out at ca 20° C, which went quite rapidly 

60 until two mols of hydrogen were consumed 
Six hours were required for the reduction to 
be completed. The catalyst was filtered offand 
the product was fractionated in vacuo There 
were obtained 249.5 g ^ n ^7^ethy^en. 

65 (l)-ol-(3) [dihydro-Iinalool] distilling at 81 



(10 mm.), Eb 25 ^ 1.4345— 1.4350. The yield 
was 80 per cent, of theory. 

c) Dihydro-linalyl aoetoacetate. 

Into a 2-litre 3-neck flask equipped with a 
stirrer, thermometer, dropping funnel and 70 
condenser, there were placed 234.4 g. (1.5 
mols) of the 3,7-dimethyl-octen-(l>ol-<3;j 
234 mL of petroleum! ether (30° C), 3 ml. of 
pyridine and 3 ml. of acetic acid. To the mix- 
ture were added, dropwise, during two hours 75 

138.8 g. (1.65 mols) of diketene, while main- 
taining a temperature of 25° — 30 C. by ex- 
ternal cooling. Stirring was continued for an 
additional six hours at that temperature. Then, 
the solution was washed successively with 200 
ml of water, twice with 200 mL of 10 per cent 
sulphuric acid, again with 200 ml. of water, 
three times with 200 mL of saturated sodium 
bicarbonate, and finally with water until neu- 
tral The organic layer was concentrated in 
vacuo, leaving crude 3,7-dimethyl-octen<l> 
yl-(3) acestoacetate [dihydro-linalyl aceto- 
acetate] as a yellow oil, n D 25 = 1.4457; yield 
36279 g. (100.7 per cent, cf theory). 

d) Tetrahydro-psezuJoionone. 
A 1-litre 3-neck flask equipped with a 

stirrer, thermometer, and reflux condenser, 
the top of which was connected to a dry-ice 
trap and then to a gas meter, was charged with 

362.9 g. (1.5 mols) of the 3,7-dimethyl-octen- 
flVvl-O) acetoacetate. The flask was heated 
by an oil-bath to 150 c — 160° C, causing a 
rapid evolution of carbon dioxide. This had 
virtually ceased after about three hours, dur- 
ing which time the production of carbon di- 
oxide was 92 per cent, of the theoreticaL 
Fractional distillation of the reaction mixture 
from an efficient column afforded 220.8 g. or 
6,10 - dimethyl - undecen-(5)-one-(2) [tetra- 
hydro-psewrfaionone] (75 per cent, of theory); 
b fp. f 2 *_74°C/0.2 mm., n^ 5 = 1.4471; 
d/ 5 =0.842. 

e) Hexahydro^stfiwfoionone. 
200 g. of the 6,10-dimethyl-undecen-(5)- 

one-(2) was hydrogenated, using freshly pre- 
pared 5 per cent, palladium/charcoal catalyst 
at 500 lbs per square inch hydrogen- pressure. 
In one hour the temperature rose from 25 to 
60° C. and the hydrogenatioh was completed. 
On fractionation, 6,10-dimethyl-undecanone- 
(Z) rhexahydro-f>s«/^oionone] was obtained m 
a fraction distilling at 68°— 69° C./0.5 mm., 
nj> M = 1.433. 

What we claim is: — 

1) A step in the synthesis of hexanydro- 
pseudoiomine? which step comprises catalyu- 
cally hydrogenating geranyl-acetone to hexa- 
hydro-ps««£oionone. 

2) A step in the synthesis of hexahydro- 
pseudoionon? which step comprises catalyti- 
cally hydrogenating tetrahydro-psewefoionone 
to hexahydro-pseiwfoionone. 

3) A step in accordance with claim 1 or 
clainu 2, wherein! the catalyst used is a palla- 
dium! catalyst- 
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4) A synthesis of hexahydro^eudoionone 
which comprises ?HHfng the elements of 
acetylene to 6-methyl-heiptenr(5)-one-(2) or 6- 
nBethyl-heptanjone-(2) by treating same with 

5 an* alkaH-metal derivative of acetylene in liquid 
ammonia solution and treating the product 
with a non-alkaline hydrolysing agent, par- 
tially hydrogenating the resukrng acetylene 
carbinol in the presence of a palladium] or 

10 nickel catalyst which selectively catalyses the 
reduction of a trrpile bond to a double bond, 
reacting the resul ting partial hydrogenation 
product with diketene, eliminating the ele- 
rngnt5a of carbon dioxide frorru the reaction 

5 product by heating sam** and catalytically 
hydrogenating the resulting geranyl-acetone or 
tetrahydxo-pseudoionorie. 

5) A process in accordance with claim' 4, 
wherein! the partial hydrogenation is carried 

2D out in the presence of a lead-inhibited palla- 
dixim/calaum-carbonate catalyst. 



6) A process in) accordance with dann 4 
and claim 5, wherednj the reaction' with 
diketene is carried out in the presence of a 
weakly acid agent such as a mixture of 
pyridine and acetic acid or a mixture of 
choline and ! acetic acid 

7) A process in accordance with, any one 
of claims 4 to 6 inclusive, wherein the 
elimination of the elements of carbon dioxide 
is brought about by heating die said reaction 
product to between 140° and 180° C. 

8) A process for the manufacture of hexa- 
toydro-^seudoionone by the hydrogenation of 
geranyl-acetone or tetrahydro-pswdcnonone 
and a synthesis thereof incorporating said 
process, substantially as described with refer- 
ence to the examples given. 

W. D. WHTTAKER, 
Patent Agent 
for F. Hoffmann-La Roche & Co., 
Aktiengesellschaft. 
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